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Electron cyclotron heating is one for the main methods to
produce and heat plasmas in the Large Helical Device
(LHD). Three kinds of gyrotrons of 1680Hz, 840Hz and
82.70Hz have been used. Two gyrotrons at 82.70Hz are the
most generally used for the LHD plasma experiment, since
they are connected to the highly focused antenna and thus
high power density in the LHD can be readily achieved at
both fundamental and second harmonic resonance
conditions. Therefore, the operating stability of these
gyrotrons influences the efficiency of plasma experiment
very much. After the fifth cycle experimental campaign, we
introduced non-eoolant SC magnets, and adjusted matching
optics units (MOD) to achieve higher stability and
efficiency. Another improvement for the stable and flexible
operation is the increased stability and controllability of the
high voltage power supply used for these two gyrotrons.
MOU consists of four optics mirrors. The first and second
mirrors convert the gyrotron output beam to HEll mode at
the inlet of the waveguide, with as high purity as possible.
This purity is essential in getting high transmission
efficiency as well as increasing the threshold power level of
arcing inside the waveguide transmission line. The third
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Fig. 1. Adjusted MOU and burn pattern.
and fourth mirrors adjust the output beam axis to coincide
with that of the waveguide. The misalignment also critically
affects the purity of HEll mode inside the waveguide. The
MOU mirrors are designed using the measured output beam
taking into account of the mirror and waveguide
configuration. The intensity profile on each mirror and
waveguide mouth can be calculated as by-products. With
short pulse and reduced power, a burn pattern reflecting the
intensity profile can be obtained on each mirror surface. All
mirror setting angles, positions and beam axis are adjusted
so that the burn pattern and calculated intensity profile as
close each other as possible. Figure 1 shows the
configuration of MOU mirrors and waveguide. Superposed
picture of burn pattern and the calculated contour plots of
intensity profile at the mirror 1 and waveguide mouth of
gyrotron tank No 11 are shown here.
We measured the output power with calorimetric load
installed in a MOU out and end of transmission line for the
measurement of transmission efficiency. Table 1 shows the
MOU output and LHD input power at 6th cycle experiment,
and transmission efficiency at 6th and 5th cycle. Fine-tuning
of the alignment contributed to increase the transmission
efficiency in both L11 and L12. It is noted that the
increments in the LHD input power for each line exceeds
the amount of improvement of transmission efficiency, since
the improvement of the transmission efficiency resulted in
the increase ofthe threshold power ofarcing.
Table 1. Transmission effieiencr at 6* c,cle.
MOU output LHD input
Vbeam(kV) power (kW) power (kW)
Gyrotron 6th cycle transmission
LineNo1 efficiency (5th cycle)
L 11 66 183 156
85.2 % (77 %)
L 12 21 180
84.1 % (79 %)
The effectiveness of introducing non-eoolant SC magnet
is two fold. The apparent effect is the reduction of
manpower and therefore the reductions of the risk of miss
handling of liquid helium. The second effect is due to the
persistent current mode operation. The magnet power supply
can be disconnected during the persistent current mode
operation. This prevents the possible damage or dangerous
miss operation of the SC magnet power supply due to the
large surge noise caused by the crowbar.
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